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【論文の内容の要旨】 
 Approximately 25 % of the gene in eukaryotic genome encode secretory and 
membrane proteins. These proteins are delivered to endoplasmic reticulum (ER) by 
signal peptide recognition particle (SRP), and inserted in ER membrane. However, 
secretory and membrane protein targeting and translocation in ER membrane are not 
perfectly efficient. It is estimated that 5~40 % of newly synthesized ER-destined 
proteins fail to insert in ER membrane. These defective proteins are called mislocalized 
proteins (MLP). MLP are rapidly degraded by ubiquitin-proteasome system to avoid 
aggregation and disruption of cell homeostasis. Thus, it is very important to understand 
the mechanism of MLP degradation, however it remains unknown. Recently, it was 
reported that BAG6 is involved in the MLP degradation. Nevertheless, there is a 
mystery how BAG6 is associated with the MLP degradation since BAG6 isn’t 
ubiquitination enzyme and don’t have ubiquitin-associated (UBA) domain. I thought 
that BAG6 worked in the metabolism of MLP with other proteins. Therefore, I focused 
on the BAG6 binding protein that is related to ubiquitin-proteasome system and 
identified UBQLN4 as a new BAG6 binding protein. 
 UBQLN4 has a N-terminal ubiquitin-like (UBL) domain and a C-terminal UBA 
domain. Moreover, the middle region of UBQLN4 contains four predicted “STI1-like” 
motifs. Here, I designated two tandem “STI1-like” motifs in the N-terminal half as STI-I, 
and two other tandem motifs in the C-terminal half as STI-II. In this thesis, I examined 
my hypothesis that UBQLN4 is also involved in the MLP degradation. 
 
 
 IL-2 receptor α subunit (IL-2Rα) is a single pass transmembrane protein that has a 
N-terminal signal sequence (SS) and a C-terminal hydrophobic transmembrane domain 
(TMD). It was reported recently that truncating the SS from IL-2Rα (IL-2Rα ∆SS) was 
degraded more rapidly than IL-2Rα WT. I thought that IL-2Rα ∆SS could be a model for 
MLP since IL-2Rα ∆SS might not be recognized by SRP and fail to target to ER 
membrane. In order to examine that IL-2Rα ∆SS is not inserted in ER membrane, I 
analyzed the localization of IL-2Rα ∆SS using cell fractionation. IL-2Rα ∆SS could not 
detect in membrane fraction but exist in cytosol fraction. Moreover, IL-2Rα ∆SS is 
rapidly degraded by ubiquitin-proteasome system as well as previous reported MLP. 
These results indicate that IL-2Rα ∆SS could be a good model for MLP. 
 I next tested whether UBQLN4 is involved in turnover of the MLP. I compared the rate 
of degradation of MLP model in the presence or absence of UBQLN4. I revealed that 
IL-2R ∆SS was stabilized in UBQLN4 knockdown cells. In addition, UBQLN4 
knockdown strengthened the polyubiquitin modification of IL-2R ∆SS. These results 
suggest that UBQLN4 is essential for IL-2R ∆SS metabolism at the post-ubiquitination 
step. To reveal how UBQLN4 regulates the turnover of MLP, we examined its 
interaction with the model of MLP. Immunoprecipitation of UBQLN4 resulted in 
co-precipitaion of IL-2Rα ∆SS, but not IL-2Rα WT and IL-2Rα ∆SS∆TM. This result 
indicated that UBQLN4 interacts with the TM domain of IL-2Rα ∆SS that exposed to 
cytosol. To determine the domain in UBQLN4 required for MLP model, I used a series of 
UBQLN4 deletion mutants. I found that both STI-II and UBA domain of UBQLN4 are 
important for binding of IL-2Rα ∆SS. These results suggest that UBQLN4 recognizes 
TM domain of MLP, and is involved in the turnover of this model defective substrate. 
Next, to investigate whether UBQLN4 recognizes endogenous MLP, I induced 
endogenous MLP by knockdown of SRP54, the SS-binding subunit of the SRP. 
Endogenous MLP were detected by anti-ubiquitin antibody since most MLP were 
ubiquitinated and then degraded by proteasome. In SRP54 knockdown cells, 
immunoprecipitation of UBQLN4 resulted in more co-precipitation of ubquitinated 
proteins than control knockdown cells. This result supported the idea that UBQLN4 
recognizes not only the MLP model but also endogenous MLP. Thus, I revealed that 
UBQLN4 is essential for the MLP degradation. 
 
 
